We report on an X-ray observation of the Be X-ray Binary Pulsar RX J0059.2-7138, performed by XM M -N ewton in March 2014. The 19 ks long observation was carried out about three months after the discovery of the latest outburst from this Small Magellanic Cloud transient, when the source luminosity was L X ∼10 38 erg s −1 . A spin period of P spin =2.762383(5) s was derived, corresponding to an average spin-up ofṖ spin = −(1.27 ± 0.01)× 10 −12 s s −1 from the only previous period measurement, obtained more than 20 years earlier. The time-averaged continuum spectrum (0.2-12 keV) consisted of a hard power-law (photon index ∼0.44) with an exponential cut-off at a phase-dependent energy (∼20-50 keV) plus a significant soft excess below ∼0.5 keV. In addition, several features were observed in the spectrum: an emission line at 6.6 keV from highly ionized iron, a broad feature at 0.9-1 keV likely due to a blend of Fe L-shell lines, and narrow emission and absorption lines consistent with transitions in highly ionized oxygen, nitrogen and iron visible in the high resolution RGS data (0.4-2.1 keV). Given the different ionization stages of the narrow line components, indicative of photoionization from the luminous X-ray pulsar, we argue that the soft excess in RX J0059.2-7138 is produced by reprocessing of the pulsar emission in the inner regions of the accretion disc.
INTRODUCTION
The dominant component in the spectra of X-ray binary pulsars is usually well described by a hard power-law model with an exponential cut-off, sometimes with Fe Kα emission lines. However, at low energies several sources show a significant excess over the main power-law, which has been described with different models (see La Palombara & Mereghetti 2006 , for an overview). Although various physical processes have been invoked to produce it, its origin is still unclear. Hickox et al. (2004) showed that the origin of the soft excess is related to the source total luminosity and that a spectral component of this type has been detected in all the X-ray pulsars with a sufficiently high flux and small absorption. In fact, most of the soft excess sources are at small distances and/or away from the Galactic plane. This suggests that the presence of a soft spectral component could be a very common, if not an ubiquitous, feature intrinsic to X-ray pulsars. Since the study of the soft part of the spectrum in Galactic sources is affected by the interstellar ab-⋆ E-mail: sidoli@iasf-milano.inaf.it sorption present in the Galactic plane, the best sources to study this feature are the transient pulsars in the Magellanic Clouds (MCs). They can reach high luminosities (LX > 10 38 erg s −1 ), are at well known distances, and, thanks to the low absorption in the MCs direction, can provide high-statistics spectra at low energies. In particular, the Small Magellanic Cloud (SMC) hosts more than 100 Be/X-ray Binary systems, about 70 of which show periodic pulsations (see, e.g. Haberl et al. 2012; Sturm et al. 2013; Klus et al. 2014) .
One of the most interesting pulsars in the SMC is RX J0059.2-7138, also known as SXP 2.76, which was discovered in 1993 by ROSAT (Hughes 1994) . A Be type star was found in its error region and proposed as a candidate counterpart (Southwell & Charles 1996) . Optical photometry of this star revealed a periodicity of 82 days, likely related to the orbital period of the system (Schmidtke et al. 2006 , Bird et al. 2012 ). The ROSAT X-ray spectrum of RX J0059.2-7138 was unusually soft, consisting of a low temperature black-body component (kT = 35 eV) plus a steep power-law (photon index Γ=2.4). The presence of a soft excess was confirmed by a simultaneous ASCA observation, which also (Krimm et al. 2013) . The date of our XM M -N ewton observation is indicated by the vertical dashed line.
detected X-ray pulsations with a period of 2.76 s (Kohno et al. 2000) . The simultaneous analysis of the ROSAT and ASCA data showed that the soft component could be described with either emission from a thin thermal plasma (kT =0.37 keV) or a broken power-law, while a hard power-law (Γ=0.43) described well the spectrum above 2 keV. Both components had a phase-averaged luminosity of ∼10 38 erg s −1 (0.1-10 keV): the hard component dominated above 2 keV and showed sinusoidal pulsations with a pulsed fraction of ∼37%, while no pulsations were detected in the soft component, which dominated below 1 keV (Kohno et al. 2000) .
After the 1993 observations, no other bright outbursts were seen from RX J0059.2-7138 until 2013, except for two detections of the source with PCA RXT E in September 2002 and in November 2004 reported by Galache et al. (2008) . The 2013 outburst was discovered with the Swif t/BAT instrument, which detected the source starting from December 26 (see Fig. 1 ; Krimm et al. 2014) . A couple of weeks later, IN T EGRAL monitoring observations of the SMC confirmed the bright status of the source . After the discovery of this outburst, we triggered our XM M -N ewton Target of Opportunity program aimed at investigating the soft excess in high luminosity Be/X-ray transients (hereafter Be/XRTs) thus obtaining an observation of RX J0059.2-7138 in March 2014. Here we report the results of this observation.
OBSERVATIONS AND DATA REDUCTION
RX J0059.2-7138 was observed by XM M -N ewton between 2014 March 14 and 15, for a net exposure of ∼19 ks (see Table 1 for the observation log). In Fig. 1 we show the time of the XM M -N ewton observation in the context of the outburst as observed by Swift/BAT (15-50 keV).
The XM M -N ewton Observatory carries three 1500 cm , respectively. The data were reprocessed using version 13.5 of the Science Analysis Software (SAS) with standard procedures. The RGSs were operated in spectroscopy mode and their data were analysed in the energy range 0.4-2.1 keV. The SAS task RGSPROC was used to extract the RGS1 and RGS2 spectra, which were later combined into one single grating spectrum using RGSCOMBINE. EPIC source counts were extracted from circular regions of 40 ′′ radius for both the pn and MOS1, adopting PATTERN from 0 to 4 (mono-and bi-pixel events) in the pn and from 0 to 12 (up to 4-pixel events) in the MOS1. Background counts were obtained from similar sized regions offset from the source positions. Due to calibration issues in the MOS2 data (see Appendix A for details), we decided to use only the pn and MOS1 data for the spectral analysis, while we used all three EPIC data sets for the timing analysis. No further filtering based on the background level was necessary. Appropriate response matrices were generated using the SAS tasks ARFGEN and RMFGEN. Free relative normalizations between the two cameras were included to account for uncertainties in instrumental responses. The normalization factor for the MOS1 spectra relative to PN (factor fixed at 1) was always around 0.965±0.007. All spectral uncertainties and upper-limits are given at 90% confidence level for one interesting parameter.
In the spectral fitting we adopted the interstellar abundances of Wilms et al. (2000) and photoelectric absorption cross-sections of Balucinska-Church & McCammon (1992) , using the absorption model PHABS in XSPEC. We checked that using a different absorption model (TBABS in XSPEC) with Wilms et al. (2000) abundances and cross sections by Verner et al. (1996) similar spectral fit results were obtained.
ANALYSIS AND RESULTS

Timing Analysis
The data from the three EPIC cameras in the 0.15-12 keV range were used for the timing analysis after conversion of their times of arrival to the Solar System barycenter. Using the Z 2 2 test, the spin period of RX J0059.2-7138 was measured to be Pspin = 2.762383(5) s.
Following Kohno et al. (2000) , we defined the pulsed fraction as (Imax − Imin)/2Iaverage, where Imax, Imin, and Iaverage are the maximum, minimum, and average count rate, respectivily. The average pulsed fraction in the 2-10 keV energy range was 8.9 ± 0.5 % and during the observation the value did not change more than ∼20%.
With respect to the last observation performed in 1993 (MJD 49119-49120) with ASCA, when Kohno et al. (2000) found Pspin = 2.763221(4) s, our value implies an average spin-up rate ofṖspin = −(1.27 ± 0.01) × 10 −12 s s −1 . In Fig. 2 we show the EPIC pn pulse profiles in different energy ranges. The pulse shape is clearly energy-dependent, with a broader single asymmetric peak in the 4-12 keV range, whereas a clear secondary pulse emerges at intermediate energies (0.5-4 keV). Below 0.5 keV the pulsations are less evident, but still significant (at 3.6 σ confidence level). The pulse profile evolution with energy is clearly shown also by the phase-energy image (Fig. 3) . This image represents the number of source counts in small phase and energy intervals, normalized with respect to the phase-averaged spectrum (see Tiengo et al. 2013) . A deficit of counts (marked by the white box) over a narrow range of energies (∼7-8 keV) in the phase interval ∆φ=0.7-0.8 is evident. This possible evidence for a phase-dependent absorption line will be discussed in Sect. 3.2.
EPIC Spectroscopy
Time-averaged spectrum
We searched for possible spectral variability within the XM M -N ewton exposure, by extracting light curves in different energy ranges. We found no strong evidence for intensity and spectral variability on timescales longer than the spin periodicity, so we ex- Table 2 . Results of the simultaneous EPIC pn and MOS1 fit of the timeaveraged spectrum (0.2-12 keV). The double-component continuum consists of a cut-off power law (CUTOFFPL in XSPEC) and a black-body model. Both components are equally absorbed with column density N H . Three Gaussian lines in emission are needed to account for positive residuals in the spectrum (the line at E line1 has been added only in the pn spectrum, being of instrumental origin). The parameters of the black-body component are its temperature, kT bb , and it radius, r bb . A distance of 61 kpc is assumed (Hilditch et al. 2005 ). The cut-off power-law continuum is defined as A(E)=kE −Γ exp −(E/Ec), where Γ is the photon index and Ec is the e-folding energy of the exponential rolloff (in units of keV). Flux line#N is the total flux in the Gaussian line #N. EW line#N is the equivalent width of the line #N (eV). The unabsorbed flux is in units of erg cm −2 s −1 , the luminosity in units of erg s −1 . L bb /L cpl is the fraction of X-ray emission (corrected for the absorption) contributed by the soft component with respect to the cut-off power-law, in the broad energy band 0.01-10 keV. sian line, but we will not discuss it further; 4)-an emission line at 6.5-6.8 keV; 5)-a broad positive residual around 0.9-1.0 keV. The presence of the latter structure also in the RGS spectrum (see below, Sect. 3.3), excludes a calibration/instrumental origin, thus we decided to include an additional broad Gaussian line to fit it.
To account for these structures, we adopted a doublecomponent continuum consisting of a cut-off power-law plus a black-body model together with the three Gaussian lines. The results are reported in Table 2 and displayed in Fig. 4 
(lower panel).
We also tried a hot thermal plasma model (MEKAL in XSPEC) instead of the black-body to fit the soft excess, with similar χ 2 results: all the parameters were consistent with those reported in Table 2, except for the column density NH=(4.1 ± 0.6) × 10 20 cm −2 and the fraction of X-ray emission contributed by the soft component with respect to the cut-off power-law, which was 7% (instead of 1.7%), in the energy band 0.01-10 keV. The parameters of the MEKAL model were the following: a plasma temperature kTM=0.21±0.03 keV, a very low metal abundance Z 0.007 Z ⊙ (too low for the SMC, see below), a normalization, normM, of 0.025
nenH dV , where ne and nH are the electron and hydrogen densities, V is the emitting volume).
We also tried to adopt two absorption models, one to account for the total Galactic absorption in the SMC direction (NH fixed at 6×10 20 cm −2 ), the other one to account for the local absorption in the SMC (VPHABS model in XSPEC with an abundance fixed at 0.2 for metals, appropriate for the SMC), but we did not obtain better fits than using a single absorption model with a free column density. So, we decided to adopt a single model for the absorption (PHABS model in XSPEC). We also tried to fit the data with warm and ionized absorbers (like ABSORI in XSPEC; Done et al. 1992 ) in addition to a neutral one accounting for the interstellar absorption, but this did not result in better fits.
Spin-phase-selected spectroscopy
Given the energy-dependence observed in the folded spin profiles (Figs. 2 and 3) , it is not surprising that the fits to the time-averaged spectrum were not formally acceptable. To quantitatively explore the observed spectral evolution, we extracted three phase-selected spectra (marked by numbers in Fig. 2 ) for EPIC MOS1 and the pn: ∆φ=0.15-0.45 (spectrum n. 1), ∆φ=0.45-0.85 (spectrum n. 2), ∆φ=0.85-0.15 (spectrum n. 3).
The MOS1 and pn spectra were fitted simultaneously in the 0.2 to 12 keV range with the same model used for the time-averaged emission. Good fits were obtained with the spectral parameters listed in Table 3 . Similar values were obtained using a MEKAL model instead of the black-body, but again with a very low metallicity (Z 0.01 Z ⊙ ).
The results reported in Table 3 indicate that the phasedependent spectral variability is mainly due to variations in the high energy cut-off. The iron lines around ∼6.6 keV are significant at 2.9 σ, 4.4 σ and 4.1 σ, in spectra 1, 2 and 3, respectively. The significance was estimated by increasing the ∆χ 2 value until the confidence region boundary of the Gaussian normalisation crosses 0. The iron line centroid energy shows variations from 6.77 keV (in spec. 1) to 6.54 keV (in spec. 2). In spec. 2 the centroid energy is compatible with transitions in Fe XXI-Fe XXII ions (Kallman & McCray 1982) , in spec. 3 with Fe XXI-Fe XXV ions, while in spec. 1 (line centroid at 6.77 keV), it is not consistent (within the 90% errors) with any known line. Although the emission line in spec. 1 is significant at less than 3 σ, if we identify it with emission from Fe XXV at 6.7 keV, a hint for a blue-shift Table 2 .
of 900 km s −1 is present, possibly indicating an outflowing photoionized plasma. Also the flux of the broad feature at 0.9-1 keV is variable along the spin profile, while the other spectral parameters are constant, within the uncertainties.
The phase-energy image (Fig. 3) shows a hint for a deficit of counts at ∼7-8 keV, with respect to the spin-averaged spectrum. This deficit, possibly indicating an absorption feature, occurs in a narrow range of spin phases (φ∼0.7-0.8). We extracted a spectrum corresponding to this phase interval and we fitted it adding a Gaussian line in absorption. The new fit gave a reduced χ −4 photons cm −2 s −1 , equivalent width EW line4 ∼−80 eV. The single trial significance of this line is 4.4 σ, but given that many phase intervals were explored, the overall significance is too small to claim a firm detection.
RGS Spectroscopy
The RGS first order spectra (0.4-2.1 keV) were extracted from the whole exposure and combined into a single grating spectrum. We fitted it with the same double-component model resulting from the time-averaged spectrum (black-body plus cut-off power-law). The inspection of the residuals clearly showed the presence of narrow lines (both in absorption and in emission), together with a broad structure around 0.9-1.0 keV (which was also clearly present in the EPIC spectra). The addition of Gaussian lines to account for them, resulted in the line parameters reported in Table 4 . The spectrum is shown in Fig. 5 . The two brightest narrow lines, at 0.5 and 0.65 keV, are firmly associated with N VII and O VIII Lyα lines, respectively, while the broad component at 0.92 keV is possibly due to different contributions: a blend of several emission lines from iron in a range of ionizations states, from Fe XVIII to Fe XX, a radiative recombination continuum (RRC) from O VIII, likely with superposed weak emission lines from ionized neon ( Table 4 ). The parameters of this broad component observed in the RGS spectrum are consistent with what found with EPIC.
We then used a thermal plasma model (MEKAL) with free abundance instead of the black-body to account for the soft excess (with the metal abundance let free to vary, and resulting in a kT of ∼0.23 keV), but in this case only the narrow line at 0.65 keV could be well fitted. Also adopting additional MEKAL models with different temperatures or a CEMEKL model (a multi-temperature plasma emission model built from the mekal code, with emission measures following a power-law in temperature) we could not obtain acceptable fits to the other emission lines, likely indicative of a photoionized nature of the emitting matter. Two absorption lines were also found, with possible identifications listed in Table 4 .
The O VII Heα triplet is undetected, preventing us from using the so-called "G ratio" in He-like ions to obtain information on the ionization process and plasma density (Porquet & Dubau 2000) . We could place the following upper limits (90% confidence level) to the fluxes of the three O VII triplet components: F<3.1×10 −5 ph cm −2 s −1 (forbidden line at 0.561 keV), F<5.0×10 −5 ph cm −2 s −1 (intercombination line at 0.569 keV), F<3.4×10 −5 ph cm −2 s −1 (resonance line at 0.574 keV).
DISCUSSION
The Be transient RX J0059.2-7138 in the SMC attracted attention because, like a few other X-ray pulsars, it showed a prominent soft excess, the origin of which is still uncertain (Hickox et al. 2004) . Two were the main alternatives discussed by Hickox et al. to explain the soft excess in RX J0059.2-7138: either reprocessing of X-rays in the inner region of an accretion disc or optically thin, hot thermal emission. Thanks to the large collecting area of XM M -N ewton, the observation obtained during the recent new outburst of RX J0059.2-7138, allowed us to perform a more detailed study of this source, even if its luminosity of LX=7×10 37 erg s −1 (0.5-10 keV) was a factor ∼3 smaller than that observed in the 1993 ROSAT and ASCA data (Kohno et al. 2000) .
The new period value, Pspin=2.762383(5) s, implies an average spin-up rate ofṖspin = −(1.27 ± 0.01) × 10 −12 s s −1 in the ∼20 years between the two outbursts. This spin-up value is probably not representative of the true torques currently acting on the neutron star, since during the long time interval between the two outbursts, the pulsar could have been spinning-down, at least for part of the time. With the reasonable assumption that an accretion disk is present during the observed outburst, we can discuss the results in the framework of the Ghosh & Lamb (1979) theory of accretion torques. For a given neutron star mass, radius, and dipolar magnetic field, the spin period derivative,Ṗ , is expected to scale as P L 3/7 (where P is the spin period, L is the X-ray luminosity). Assuming M = 1.4 M⊙, R = 10 km, L = 10 38 erg s −1 , B = 10 12 G the expected spin-up rate for RX J0059.2-7138 during the XM M -N ewton observation isṖ ∼−6.8 × 10 −11 s s −1
(eq. 15 in Ghosh & Lamb 1979) . As expected, this value is larger (by a factor of ∼50) than the time averaged spin-up rate between 1993 and 2014.
Although the pulsed fraction observed in 2013 (8.9 ± 0.5 %) was smaller than in 1993 (37%), the large number of counts collected by the three EPIC cameras allowed us to see interesting variations of the pulse profile as a function of energy that were not evident in the previous observations. The pulse profile is doublepeaked at intermediate energies (0.5-4 keV) and for the first time pulsations were seen also below 0.5 keV. In principle, the presence of pulsations in the soft energy range might give some information on the origin of the soft excess (see below), but in practice this is complicated by the fact that both the soft excess and the hard power law contribute to the counts in this energy range and could be responsible for the observed modulation.
Our observation confirms the presence of a soft excess in RX J0059.2-7138. Its 0.2-12 keV spectrum could be well fitted by a double-component continuum with a hard cut-off power-law (Γ∼0.44) together with a soft excess equally well modelled by Figure 5 . Results of the RGS spectroscopy. The counts spectrum is shown when fitting the combined RGS1 and RGS2 spectra with a double component continuum (a black-body together with a power-law) modified by the absorption, including six Gaussian lines to account for the brightest lines (four in emission and two in absorption; see Table 4 ). In the upper panel the spectrum is in units of wavelength, while in the lower panel it is in units of energy. Spectra have been severely rebinned in these plots, to better show the residuals.
either a soft black-body (kT∼0.1 keV), or a hot thermal plasma model (kT∼0.2 keV). While these spectral parameters are similar to what found in 1993, the relative contribution of the soft component to the total luminosity was much lower in 2014: the 0.1-10 keV luminosities of the soft and hard spectral components were L bb =10 36 erg s −1 and L cpl =7.1×10 37 erg s −1 in 2014, while they were L soft =8×10 37 erg s −1 and L hard =1.8×10 38 erg s −1 in 1993, implying a soft to hard luminosity ratio of 1.5% (in 2014) instead of 44% (in 1993).
We discovered several features in the RX J0059.2-7138 spectrum: narrow lines from ionized oxygen and nitrogen (in the RGS data), a broad feature at 0.9-1 keV, likely produced by Fe-L shell emission (both in the RGS and EPIC data), and an iron emission line at ∼6.6 keV. The latter is clearly evident in the time-averaged spectrum. There is some evidence that its centroid energy varies as a function of the pulsar spin phase, but the significance of the line is marginal (< 3σ) when it attains the highest energy.
We detected a phase dependence of the cut-off energy (from Ec∼20 keV to Ec>45 keV), which is the main responsible for the spectral variability with the spin phase. A similar behavior of highenergy cut-off is unusual in X-ray pulsars (an example is the lowmass X-ray binary pulsar 4U 1626-67, Coburn et al. 2002) . We observed also a phase dependence of the flux contributed by the broad emission component at 0.9-1 keV, that can be explained by a variable emitting area illuminated/photoionized by the pulsar beam.
An accretion disc is a natural reprocessing site for the X-ray emission emitted from the accreting pulsar, especially when its luminosity is high (∼ 10 38 erg s −1 ) and photons preferentially escape in a fan-beam from the accretion column (e.g. Parmar et al. 1989) , favouring an X-ray illumination of the equatorial regions. Following Hickox et al. 2004 , we can assume that black-body emission with luminosity LSOF T =Ω LX (where LX is the total X-ray luminosity) results from reprocessing by optically thick material located at a distance R and subtending a solid angle Ω with respect to the central X-ray source. Independent on the exact geometry of the reprocessing region, the distance R can be estimated from the relation
4 BB (note that this is different from the radius (r bb ) resulting from the normalization of the black-body component in the spectral fit (Tables 2 and 3)). If the reprocessing region is a shell at the inner edge of the disc, R should be of the order of the magnetospheric radius, Rm (or of the corotation radius if the pulsar is rotating close to the equilibrium period). Adopting the RX J0059.2-7138 phase-averaged luminosity LX=7×10 37 erg s −1 (0.5-10 keV) and the black-body temperature, TBB, of 0.09 keV (Table 2) , we obtain a distance R = 3×10 8 cm, which is indeed very similar to the corotation radius Rcor=3.3×10 8 cm. An estimate of the magnetospheric radius (Davies & Pringle 1981) where m1 is the neutron star (NS) mass in units of solar masses, R6 is the NS radius in units of 10 6 cm, L37 is the X-ray luminosity in units of 10 37 erg s −1 , B12 is the NS magnetic field in units 10 12 Gauss. If for RX J0059.2-7138 we assume B12=1 we obtain Rm∼10 8 cm. If the soft excess is caused by reprocessing of the X-ray pulsar emission by the inner edge of the accretion disk, some pulsations in the soft part of the spectrum are expected, as indeed it was found. In this scenario, the narrow lines we discovered at low energies in the RGS spectrum and the ionized iron line at 6.6 keV can be produced by a plasma located in the disc atmosphere. They require the presence of matter with very different ionizations stages. Indeed, while plasma with highly ionized oxygen and nitrogen is characterized by a ionization parameter ξ∼100 erg cm s −1 (ξ=L/nR 2 , where L is the luminosity of the ionizing source, n is the plasma density, R is the distance of the photoionized matter from the ionizing source), the presence of highly ionized iron Fe XXV implies ξ=1000 erg cm s −1 (Kallman & McCray 1982) . The widths we derived for the N VII and O VIII Lyα lines are larger than the RGS energy resolution and imply velocities of ∼1,000-2,500 km s −1 for the emitting plasma, as expected for matter rotating at distances of a few ×10 9 cm from the neutron star. Given the high X-ray luminosity, the presence of the accretion disc, and the detection of narrow lines from matter with very different ionization stages not compatible with a single plasma temperature, we can interpret the soft excess as the result of reprocessing from the inner edge of the disc and the narrow lines as due to photoionized plasma in regions above the disc.
An alternative interpretation is that the soft excess in RX J0059.2-7138 is entirely emitted by a thermal hot plasma (Hickox et al. 2004) . Using a MEKAL model to fit the RGS spectrum, we could account well only for the O VIII Lyα emission line, which we interpret as a further indication of the presence of photoionization, and obtained a metal abundance (Z 0.01 Z ⊙ ) too low for the SMC. The emission measure obtained from the normalization of the MEKAL model is n 2 V ∼ 10 60 cm −3 . Since the gas density in this case should be n < 10 12 cm −3 , the emitting spherical region for the optically thin plasma should have a radius R cloud > 6 × 10 11 cm, and no pulsations in the soft excess are expected. Kohno et al. (2000) found wavy structures below 1 keV in their ROSAT plus ASCA spectrum and explained them with the presence of a deep edge-like structure at 0.5 keV, caused by an over-abundance of neutral oxygen (about 6 times solar) in the circumstellar matter. However, this was at odds with the very low metal abundance (0.02 solar) in their best-fit thermal plasma model. These authors concluded that the oxygen over-abundance is real, while the MEKAL model is un-physical. Also our XM M -N ewton spectrum showed wavy structures below 1 keV, which we fitted with a broad Gaussian line at ∼0.96 keV, but we found no evidence for a neutral oxygen edge at 0.54 keV deeper than the one ascribable to the best-fitting NH. We note that acceptable fits to the EPIC spin-phase selected spectra adopting a single absorption model with variable metal abundances (VPHABS in XSPEC) could be obtained only deleting the Gaussian component at 0.96 keV. However, in this case, an oxygen overabundance around 30 times solar was obtained, which we think is unlikely. Moreover, the resulting column density was very low (∼5×10 19 cm −2 ), one order of magnitude lower than the Galactic one. If, instead, we use two absorption models, one for the Galactic absorption (PHABS) and one with variable abundances for the SMC absorption (VPHABS), the column density of the latter becomes compatible with zero and the fit is insensitive to the metal abundances. Given that the neutral oxygen edge falls within two bright emission lines in the RGS spectrum (N VII and O VIII), we believe that the edge-like structure at 0.5 keV observed by Kohno et al. (2000) was due to the low spectral resolution of the ROSAT plus ASCA spectra and to the presence of the nearby emission component at 0.9-1 keV.
A hint of an absorption line at 7.5 keV was present only in a narrow range of spin phases (∆φ=0.7-0.8). Since its energy is not consistent with any known line feature (except for the Kα line from neutral Ni at 7.48 keV, which we consider very unlikely, given the highly ionizing flux from the X-ray pulsar), it is tempting to associate it with a cyclotron resonant scattering feature. In this case, its energy would imply a magnetic field in the scattering region of 6.5×(1+z)×10
11 G, where z is the gravitational redshift.
CONCLUSIONS
The main results of our XM M -N ewton observation obtained during the second bright outburst from the SMC Be/XRT RX J0059.2-7138 can be summarized as follows :
• The continuum X-ray spectrum is complex and requires several components: a hard power law with a phase-dependent highenergy cut-off, a soft excess below 0.5 keV well fit by a black-body model, and a broad emission feature at ∼0.9-1 keV.
• We discovered narrow emission and absorption lines from oxygen, nitrogen and iron in different ionization stages.
• The relative contribution of the soft excess component to the total luminosity was smaller than in the 1993 observations (1.5% wrt 44%), when the source was a factor ∼3 brighter.
• Contrary to what observed in 1993, the pulsar pulse profile was strongly energy-dependent and pulsations were detected also below 0.5 keV. The pulsar spin period of Pspin=2.762383(5) s implies an average spin-up rate ofṖspin = −(1.27 ± 0.01) × 10 −12 s s −1 in the ∼20 years elapsed after the only other period measurement of this source.
These findings lead us to interpret the soft X-ray excess in this source as due to reprocessing of the pulsar emission from (part of) the inner edge of the accretion disc at a radius of ∼ 3 × 10 8 cm. The disc inner boundary is consistent with a magnetic field of the order of 10 12 G which could also explain the possible absorption feature at 7.5 keV as an electron cyclotron line. The observed narrow lines are most likely produced by photoionization of plasma located above the inner regions of the accretion disc.
did not find anything similar reported in the SAS User Guide). In principle, the count rate is too low (∼5 count s −1 ) to cause possible pile-up problems in MOS2, although the use of the SAS task EPAT-PLOT on MOS2 events (for both the whole spatial RAWX region and the different boxes chosen) showed a significant discrepancy in the distributions of observed and expected event shapes in the energy range 0.5-2 keV, while apparently no problems were found above 2 keV. We also noted a significant electronic noise in MOS2 image (TIME versus RAWX), with a reapeting pattern in RAWX (several equally spaced "hot RAWX columns"), appearing only below 0.5 keV. It is possible that this huge noise creates significant problems in the MOS2 spectral reconstruction.
